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http:WHAT THIS PAPER ADDS
There are no articles in the literature that compare the Chevalier carotid endarterectomy (C-CEA) technique with
the standard CEA (S-CEA) technique with regard to postoperative hemodynamic changes. Experience has shown
that C-CEA has the same rate of postoperative hypertension as S-CEA, which is likely to be related to the sparing
of the baroreceptor apparatus compared with standard eversion CEA (E-CEA). With its inherent advantages and
without the problems related to postoperative hypertension that are commonly observed after E-CEA, the
Chevalier procedure could represent an alternative to the E-CEA technique.Objectives: The eversion carotid endartectomy (E-CEA), mainly performed by means of Vanmaele technique, has
been associated with loss of the baroreceptor reﬂex and postoperative hypertension.
The purpose of this paper is to determine whether the eversion endarterectomy performed by means of
Chevalier technique (C-CEA) modiﬁes the function and the efﬁciency of baroreceptors, leading to lower
postoperative hemodynamic change.
Methods: A retrospective review of 380 patients who underwent carotid endarterectomy (120 Chevalier-CEA;
260 Standard-CEA) from December 2002 to November 2012 has been performed. The changes of blood pressure
baseline during the postoperative course in C-CEA and S-CEA group were analysed and compared. Postoperative
hypertension was deﬁned as an elevation of systolic pressure >180 mm Hg or >40% rise above baseline.
Results: The patients with Chevalier eversion technique did not develop a signiﬁcantly higher blood pressure in
the postoperative course compared to those operated with the standard technique. In the recovery room, the
mean systolic blood pressure was 134  21.9 mm Hg in C-CEA group versus 132  24.6 mm Hg in S-CEA group. In
the ﬁrst postoperative day it was 132  17.2 mm Hg in C-CEA versus 133  17.4 mm Hg in S-CEA group.
During the ﬁrst six hours in the recovery room, the need for intravenous antihypertensive drugs was similar in the
two groups. Fourteen patients in C-CEA group (11%) and thirty patients (11.5%) in the S-CEA group required
vasodilators, without any signiﬁcant difference (p ¼ 1). The dosage of current preoperative antihypertensive
therapy was increased in six patients (4.9%) of C-CEA group and in twelve patients (4.9%) of S-CEA group, without
signiﬁcant difference (p ¼ 1).
Conclusions: C-CEA has the same rate of postoperative hypertension of standard-CEA, which is probably related
to the sparing of baroreceptor apparatus, compared to standard E-CEA. The Chevalier procedure could represent
an E-CEA technique with its inherent advantages, without penalties related to postoperative hypertension,
commonly observed after E-CEA.
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Carotid endarterectomy (CEA) is the most effective treat-
ment of internal carotid artery (ICA) stenosis for the pre-
vention of stroke.1e4 Standard CEA (S-CEA), performed via a
longitudinal arteriotomy extending from the common ca-
rotid artery (CCA) into the ICA, is the most frequentlyresponding author.
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//dx.doi.org/10.1016/j.ejvs.2014.08.005employed CEA technique. Patch closure is superior to pri-
mary closure in the prevention of restenosis.5 However,
eversion CEA (E-CEA) of the carotid artery is usually per-
formed by the technique ﬁrst described by De Bakey et al.,
in 1959 and, later, by Etheredge.6,7 The technique is per-
formed by transection of the CCA and the eversion is
developed ﬁrst from the ECA and then into the ICA. After
endarterectomy of the CCA, an end-to-end anastomosis is
performed.
In 1994, Vanmaele et al. described a different eversion
technique,8 performed through an arteriotomy across
the origin of the ICA, followed by circumferential
Figure 1. Chevalier technique. (A) Carotid bifurcation anatomy and its relationship with baroreceptors. (B) After transection of the internal
carotid artery (ICA), endarterectomy performed on the common and external carotid artery (ECA). (C) Progressive eversion of the ICA. (D)
Anatomic aspect of the bifurcation after repair.
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to-end anastomosis onto the CCA.
This technique allows the correction of possible patho-
logical elongation of the ICA (coiling and/or kinking) and to
remove the lesions extending beyond the proximal CCA
with a longitudinal arteriotomy extension.
Furthermore, this technique has the advantage that
patch closure is not necessary, but it cannot avoid the
transection of the longitudinal nerve ﬁbers of the carotid
sinus nerve, which, in prior studies, has been associated
with loss of the baroreceptor reﬂex and postoperative
hypertension.9
Postoperative hypertension, caused by interrupted
baroreceptor function during CEA, has been commonly
associated with stroke or death and, possibly, with cardiac
complications. In 1995, Reigner et al. introduced a new
surgical technique,10 deﬁned as CEA transection eversion
reanastomosis (Chevalier-CEA [C-CEA]), performed through
a complete oblique transection of distal ICA downstream
from the plaque and longitudinal arteriotomy of the CCA,
extended to the origin of external carotid artery (ECA).
This kind of section spares the ﬁbers of the carotid sinus
nerve, without modifying the sensitivity of baroreceptors in
the carotid bulb.
Toorop et al. conﬁrmed that human carotid barorecep-
tors are mainly localized in the medial portion of the
proximal ICA.11,12The aim of this study was to determine whether the
Chevalier technique modiﬁes the function and the efﬁciency
of baroreceptors, or whether it causes postoperative he-
modynamic changes similar to that of S-CEA technique.MATERIALS AND METHODS
A retrospective review of 380 consecutive patients who
underwent CEA (C-CEA, n ¼ 120; S-CEA, n ¼ 260) from
December 2002 to November 2012 was performed to
address the issue of peri-operative blood pressure (BP) in
patients undergoing both S-CEA and C-CEA.
Patients with cardiac rhythm disorders, heart failure,
previous CEA or angioplasty, carotid dissection, ipsilat-
eral carotid occlusion, or hemorrhagic stroke were
excluded.
Pre-operative evaluation was performed by a duplex scan
of the supraortic vessels in all patients in order to assess the
morphological and hemodynamic characteristics of the ca-
rotid artery lesions. Utilizing the preoperative compression
test,13 all patients were also evaluated by transcranial
Doppler (Multidop T; DWL Compumedics, San Juan Cap-
istrano, CA, USA) to evaluate the risk of clamping ischemia.
Factors that could affect baroreceptor sensitivity, such as
age, myocardial ischemia, diabetes, obesity, history of
stroke, end-stage renal disease, and depression, were
recorded to identify the differences between the two study
Table 1. Demographics, and clinical and procedural variables of patients undergoing standard carotid endarterectomy (S-CEA) and
Chevalier CEA (C-CEA).
Patients S-CEA (n ¼ 260) C-CEA (n ¼ 120) p OR (95% CI)
Male 180 (69.2) 78 (65) .41 0.7 (0.1e3.5)
Age, y (mean  SD) 69.88  8.60 68.72  7.60 .27 0.3 (0.1e1.1)
Current smoker 133 (51.1) 68 (56.7) .32 0.6 (0.1e2.1)
Hypertension 215 (83.0) 98 (82.0) .81 0.2 (0.1e1.0)
Diabetes 126 (48.4) 50 (41.6) .22 0.8 (0.2e2.5)
Hyperlipoproteinemia 115 (44.2) 42 (35.0) .09 0.6 (0.2e1.7)
Renal insufﬁciency 26 (10.0) 10 (8.3) .70 0.7 (0.2e2.1)
Coronary artery disease 99 (38.0) 36 (30.0) .13 0.6 (0.2e2.0)
Chronic obstructive pulmonary disease 24 (9.2) 8 (6.6) .55 0.6 (0.1e2.2)
Contralateral carotid treatment 22 (8.4) 6 (5.0) .23 0.4 (0.1e2.0)
Symptomatic stenosis 70 (26.9) 24 (20.0) .15 0.7 (0.2e2.4)
Mean stenosis (%  SD) 78.1  8.3 79.8  8.7 .06 0.4 (0.1e1.6)
Local/regional anesthesia 131 (50.4) 70 (58.3) .15 0.6 (0.2e1.7)
Preoperative medication
Aspirin 9 (3.4) 5 (4.1) .77 0.7 (0.1e3.1)
Dual antiplatelet 18 (6.9) 11 (9.1) .53 0.6 (0.2e2.2)
b-blockers 115 (44.2) 43 (35.8) .14 0.6 (0.1e1.8)
Ca2þ channel blockers 127 (48.8) 55 (45.8) .66 0.5 (0.1e1.8)
Angiotensin-converting enzyme inhibitors 134 (51.5) 57 (47.5) .51 0.1 (0.0e0.3)
Diuretics 99 (38) 46 (38.3) 1.00 0.2 (0.1e0.6)
Statins 115 (44.2) 42 (35) .09 0.6 (0.2e1.7)
Note. Values are given as n (%) unless otherwise indicated.
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the comparative statistical analysis.
Baseline BP values were obtained on the day of admis-
sion, after three non-invasive BP measurements were taken
in both arms.
Post-operative BP was recorded at 1-h intervals during
the ﬁrst 12 h, with intra-arterial blood pressure monitoring
(Datex Ohmeda; GE Healthcare, Little Chalfont, UK), fol-
lowed by non-invasive blood pressure measurements taken
three times daily until discharge.
Hypertension was deﬁned as a systolic BP
(SBP) > 140 mm Hg or a diastolic BP > 90 mm Hg. Post-
operative hypertension (SBP > 180 mm Hg or > 40% rise
above baseline) was deﬁned as the requirement for acute
administration of vasodilators.14
Data were collected prospectively in an electronic data-
base (Excel; Microsoft, Redmond, WA, USA). Statistical
analysis was performed using GraphPad (GraphPad Soft-
ware, La Jolla, CA, USA). Differences among SBP means
were calculated using unpaired t test. The chi-square test
was used to compare differences between proportions.
Differences were considered signiﬁcant when the two-tailed
p-value was <.05. Multivariate logistic regression was used
to determine the association between some patient char-
acteristics and postoperative hemodynamic instability.Surgical technique
S-CEA was performed via a longitudinal arteriotomy from
the CCA to the ICA. Arteriotomy was routinely closed with a
Dacron patch and 5/0 monoﬁlament running suture.
For the C-CEA, an oblique arteriotomy was performed on
the CCA, extended to the ECA. An oblique transection of theICA was made distal to the plaque. A standard endarter-
ectomy was performed through the longitudinal arterio-
tomy of the CCA and the ECA, extended to the ICA ostium.
Then, the endarterectomy was extended to the distal ICA,
applying traction on the plaque, everting the proximal ICA,
and extracting it. In the presence of kinking/coiling of the
ICA, the proximal segment was shortened. An oblique end-
to-end anastomosis was ﬁnally performed with 7/0 mono-
ﬁlament running suture. Subsequently, the longitudinal
arteriotomy was directly closed with 6/0 monoﬁlament
running suture (Fig. 1).
As the shunt placement is a technically intricate ma-
neuver in C-CEA, the S-CEA technique was performed in
cases in which a clamping ischemia was predicted.
Both surgical procedures were performed by three of the
authors (M.T., L.R., and F.F.) according to their usual surgical
technique.
RESULTS
Demographics data are listed in Table 1 and are similar in
both groups of patients. The mean age of the patients was
69.0  7.6 years in the C-CEA group and 70.0  8.6 years in
the S-CEA group. Sex distribution was equal in both groups.
At the time of enrolment, 98 (82.0%) patients in the C-
CEA group and 215 (83.0%) patients in the S-CEA group had
a history of hypertension and were receiving antihyper-
tensive therapy (p ¼ .81).
Six (5.0%) patients in the C-CEA group had previously
undergone surgical treatment of the contralateral carotid
artery (S-CEA, n ¼ 4; C-CEA, n ¼ 2). Among the S-CEA pa-
tients, 22 (8.4%) had previously undergone surgical treat-
ment of the contralateral carotid artery (S-CEA, n ¼ 13; C-
CEA, n ¼ 1; stent placement, n ¼ 8) (p ¼ .23).
Table 2. Postoperative complications in the standard carotid
endarterectomy (S-CEA) and Chevalier CEA (C-CEA) groups.
Postoperative
complications
S-CEA
(n ¼ 260)
C-CEA
(n ¼ 120)
p
Death 1 (0.3) 1 (0.8) .53
Atrial ﬁbrillation 1 (0.3) 1 (0.8) .53
Myocardial infarction 2 (0.7) 3 (2.5) .18
Wound hematoma 8 (3.0) 4 (3.3) 1.00
Transient ischemic attack 5 (1.9) 1 (0.8) .67
Minor stroke 2 (0.7) 2 (1.6) .59
Major stroke 1 (0.3) e 1.00
Note. Values are given as n (%).
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performed with cervical block with monitored anesthesia,
and 50 (41.6%) were performed under general anesthesia.
In the S-CEA group, 131 (50.3%) patients underwent surgi-
cal treatment with cervical block and 129 (49.6%) under-
went general anesthesia. There was no signiﬁcant difference
between the two groups (p ¼ .15).
During the ﬁrst 6 postoperative hours, the need for
intravenous antihypertensive drugs was similar in both
groups. There was no signiﬁcant difference in the number of
patients requiring vasodilators: 14 (11.0%) patients in the C-
CEA group and 30 (11.5%) in the S-CEA (p ¼ 1.00).
Preoperative antihypertensive therapy was increased in
six (4.9%) patients in the C-CEA group and in 12 (4.9%)
patients in the S-CEA group (p ¼ 1.00).
The preoperative baseline SBP was the same in both
groups (C-CEA: 120.0  11.3 mm Hg; S-CEA:
118.0  12.5 mm Hg; p ¼ .13). However, the patients who
underwent C-CEA did not develop a signiﬁcantly higher BP
postoperatively compared with those who underwent S-
CEA. In fact, in the recovery room immediately post-
operatively, the mean SBP was 134.0  21.9 mm Hg in the
C-CEA group compared with 132.0  24.6 mm Hg in the S-
CEA group (p ¼ .44). On the ﬁrst postoperative day, mean
SBP was 132.0  17.2 mm Hg in the C-CEA group compared
with 133.0  17.4 mm Hg in the S-CEA group (p ¼ .60)
(Fig. 2).
None of the patients with postoperative hypertension,
who required additional antihypertensive therapy, had
related neurological or cardiac complications.
Perioperative death occurred in one patient in both
groups (C-CEA: 0.8%; S-CEA: 0.3%) owing to myocardial
infarction (MI).
Cardiovascular events included atrial ﬁbrillation (n ¼ 1)
and myocardial infarction (n ¼ 3) in the C-CEA group (3.3%),
and atrial ﬁbrillation (n ¼ 1) and MI (n ¼ 2) in the S-CEA
group (1.1%; p ¼ .14). Wound hematoma, requiring revi-
sion, was observed in four (3.3%) patients in the C-CEA
group and in eight (3.0%) patients in the S-CEA group
(p ¼ .90). Seven (58.3%) of these patients did not stop
antiplatelet therapy owing to previous coronary stent
placement.Figure 2.Mean preoperative (Preop.) and postoperative (Postop.) systo
days 1e3 in both groups (mean  SD). Note. C-CEA ¼ Chevalier caroThere were no signiﬁcant differences in perioperative
neurological event rates between the two groups (C-CEA,
n ¼ 3 [2.5%]; S-CEA, n ¼ 8 [3.0%]; p ¼ .75). There was one
(0.8%) case of transient ischemic attack (TIA) and two
(1.6%) cases of minor stroke in the C-CEA group, and ﬁve
(1.9%) cases of TIA, two (0.7%) cases of minor stroke, and
one (0.3%) case of major disabling stroke in the S-CEA group
(Table 2).DISCUSSION
Baroreceptors are located in the adventitia and media of
the carotid sinus; they are the terminal part of afferent ﬁ-
bers which, through the nerve of Hering, run in the glos-
sopharyngeal nerve. Increased BP causes stretching of the
elastic blood vessel and the reaction of the receptors. With
variations in BP they send stimuli to the corresponding
brain centers that regulate the sympathetic and para-
sympathetic nervous systems. If the inﬂuence of the sym-
pathetic system is decreased, the heart rhythm slows down
and the diameter of blood vessels increases, resulting in a
drop in BP in the arterial system.
In 1836, Cooper was among the ﬁrst to describe the role
of the baroreceptor system in the regulation of BP.15 More
than 85 years later, Hering demonstrated, in dogs, that
electrical stimulation of the carotid sinus nerve induced
both bradycardia and hypotension, and that transection of
the nerve reversed these effects.16 He was also able to
show that bilateral transection of the carotid sinus nerve
resulted in systemic hypertension. Later, similar results werelic blood pressures (SBP) in the recovery room and at postoperative
tid endarterectomy; S-CEA ¼ standard carotid endarterectomy.
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in BP, as well as in cardiac output and heart rate, after
bilateral transection of the carotid nerves. In addition,
several investigators noted that BP became very unstable
after denervation of the baroreceptors.18,19 Taken together,
these data suggested that the primary function of the
baroreceptor system was to stabilize BP and prevent large
short-term ﬂuctuations in pressure.
There is evidence from human studies that baroreﬂex
dysfunction is associated with increased cardiovascular
morbidity and mortality. Farrel et al. found that baroreﬂex
dysfunction after MI was a signiﬁcant independent risk
factor for the development of malignant cardiac arrhyth-
mias and sudden cardiac death.20
Baroreﬂex breakdown and consequent hypertension may
also be associated with the development of the cerebral
hyperperfusion syndrome. Cerebral hyperperfusion syn-
drome is a cause of perioperative stroke following CEA.
Diminished cerebrovascular reserve, postoperative hyper-
tension, and hyperperfusion lasting more than several hours
to days after CEA seem to be the most important risk
factors.21,22
Previous studies have shown that the presence of
atheroma in the carotid sinus region can impair the sensi-
tivity of baroreceptors,23,24 and this impairment seems to
be greater in patients with stiffer, more echogenic carotid
plaques. However, it is currently unclear whether the
reduced sensitivity of such baroreceptors, following surgical
damage, correlates with the echogenicity of the removed
carotid plaque at CEA.
Hirschl et al. highlighted that,25 in patients undergoing
CEA, the occurrence of postoperative baroreﬂex dysfunc-
tion, followed by BP instability, was associated with a 3.3-
fold higher risk of early major cardiovascular complications
and an eightfold elevated risk of cardiovascular mortality in
the ﬁrst 5 postoperative years.
Wong et al. observed that hemodynamic instability was
commonly present after CEA,26 but only postoperative hy-
pertension was associated with stroke or death.
Toorop et al. demonstrated that the adventitial excision
of the proximal portion of the ICA is effective in carotid
sinus syndrome.11 Following this clinical experience, Toorop
et al. identiﬁed the precise location of the carotid barore-
ceptors in medial portions of the proximal ICA.12
This discovery led to the visualization of baroreceptors in
the human carotid bifurcation by light microscopy using
PGP 9.5 and VGLUT2 as immunohistochemical markers.
Consequently, in C-CEA, because the ICA is divided distal to
the plaque, this region, rich in baroreceptors, is spared.
Several reports showed that injury of the baroreceptors
during CEA results in postoperative hypertension.27,28 This
phenomenon is more evident in E-CEA, which involves
baroreceptor damage.
On the one hand, this technique is widely used because
of its beneﬁts. Cao et al. described a lower risk of arterial
occlusion and restenosis in E-CEA.29
On the other hand, immediate postoperative BP alter-
ation after CEA is a well-recognized condition that occurs in11.0e56.0% of patients.30e32 This post-endarterectomy
hypertension is correlated with elevated cranial norepi-
nephrine levels due to a central nervous system sympa-
thomimetic mechanism caused by reﬂex inhibition of the
vasomotor center, probably linked to baroreceptor reﬂex
breakdown.33
Some vascular surgeons advocate local anesthetic
blockade of the carotid sinus nerve during CEA in order to
minimize ﬂuctuation of BP but, with this technique, pre-
vention of postoperative hemodynamic instability remains
unclear. A review by Tang et al.,34 based on four randomized
controlled trials, suggests that there is no conclusive evi-
dence supporting the routine use of local anesthetic to
block the carotid sinus nerve in order to reduce post-
operative BP ﬂuctuation.
From the standpoint of the postoperative requirement
for additional medications, Mehta et al. showed that pa-
tients who underwent E-CEA had a signiﬁcantly increased
postoperative BP and required more frequent antihyper-
tensive medication compared with patients who underwent
S-CEA.35
Furthermore, Demirel et al. have highlighted that E-CEA is
associated with signiﬁcantly higher postoperative BP that
persists for at least 4 days after surgery.14,36,37 In a pro-
spective study, they conﬁrmed a reduction in baroreceptor
sensitivity after E-CEA compared with an increase after S-
CEA, with a reversal of autonomic balance followed by
sympathetic dominance after E-CEA; the opposite effect did
not occur after S-CEA.
The data presented in the present paper did not show
any differences between postoperative hypertension in the
S-CEA and C-CEA groups. This observation is probably
related to the sparing of the baroreceptor apparatus
compared with S-CEA. From this standpoint, the procedure
introduced by Chevalier could represent an E-CEA tech-
nique, which has inherent advantages, including the lack of
issues related to the postoperative hypertension commonly
observed after Vanmaele E-CEA.
The limitations of this analysis are the lack of randomi-
zation, the differing numbers of patients in the two groups,
and possible variability in BP measurement.
Conﬁrmation of the ﬁndings presented here will require a
new study that compares the different techniques of E-CEA,
and evaluates and compares the hemodynamic changes of
each procedure.
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